The specific objective of this study was to test the clinically derived hypothesis associating a high prevalence of depression in young men with nonclassical hypogonadism. We studied the entire population of men aged 18 to 40 years who had an outpatient visit at an academic health system in the years 2013 to 2015. The study group comprised 186 patients with a diagnosis of eugonadotropic hypogonadism and a testosterone value below 10.4 nmol/L with no apparent cause. We compared their demographic factors, other diagnoses, and treatments with those of (i) the entire population, (ii) a matched population of 930 controls, and (iii) 404 controls with normal testosterone determinations, and no hypogonadism diagnosis. Depression, defined as either an International Classification of Diseases, Ninth Revision (ICD-9) diagnosis or treatment with an antidepressant medication, was found in 22.6% of cases vs 6.6% of population controls [P , 0.001; OR: 1.13 (1.09 to 1.17); 95% CI]. Obesity was also higher in the cases (P , 0.001). The matched controls had a depression rate of 13.4% compared with the case rate of 22.6% [P , 0.002; OR 1.14 (1.08 to 1.17)]. Controls with normal testosterone determinations had a depression rate of 16.8% [P = 0.121; OR: 1.04 (0.96 to 1.12)], suggesting that clinicians may have ordered a testosterone determination because of symptoms consistent with both depression and hypogonadism. The high incidence of depression in nonclassical hypogonadism in young men, although only associative, supports a depression evaluation and treatment as appropriate as well as investigation of the proximate causes of this form of hypogonadism. Freeform/Key Words: depression, hypogonadism, non-classical, young men Clinicians regularly face the diagnostic dilemma of fully mature adult men presenting with recent onset of fatigue, sleep disturbance, loss of libido, and exercise intolerance. These symptoms are consistent with depression and hypogonadism, precipitating testosterone and gonadotropin measurements. The diagnosis of hypogonadism requires a low total, free, or bioavailable testosterone level. When associated with normal gonadotropins, it is termed "central" hypogonadism. The completion of puberty and moderate hormonal declines tend to rule out genetic hypothalamic hypogonadism. Hypogonadism of this type often has a presumed etiology, including traumatic brain injury, brain or pituitary tumors, congenital anomalies, active HIV infection, active neoplasm and chemotherapy, or chronic opioid administration, or follows a period of anabolic steroid use [1] . However, many symptomatic men, especially those under the age of 40 years, do not have an apparent cause.
between testosterone and depression. However, patients with hypogonadism who are referred to andrology experts may be high in depression [4, 5] . These correlative studies included mainly older individuals with multiple cofactors that could interfere with gonadal function and did not relate the findings to a representative population. The prevalence of hypogonadism in depressed populations was variable as reviewed in two studies [2, 3] . Many men with depression with and without hypogonadism received treatment with testosterone based on the assumption that the hypogonadism was causative, with variable results as elaborated in the following sections.
We hypothesized that a population of men 18 to 40 years of age and carrying a diagnosis of eugonadotropic hypogonadism with no obvious etiology would have a significantly greater rate of depression than controls. If true, that would raise the question of a mechanistic relationship between depression and hypogonadism analogous to that found in hypothalamic amenorrhea in women [4] and would emphasize the importance of diagnosing and treating depression in the hypogonadal population.
Methods

A. Study Setting and Data Sources
We conducted a retrospective medical record review of the clinical database of a large urban academic health system. The system includes physicians' offices as well as hospitals across the metropolitan area connected by an integrated electronic medical record platform. The system accepts patients from a wide variety of insurance carriers as well as specific referrals for specialized care. The study included de-identified data derived from patient records from January 2013 through December 2015. The institutional review board agreed that this anonymized retrospective review did not require its approval.
We based the diagnoses of hypogonadism and depression on International Classification of Diseases, Ninth Revision (ICD-9) codes, which represented the operative diagnostic coding system in the United States and elsewhere in the years 2013 to 2015. Patient cases were required to have a documented total testosterone level below 10.4 nmol/L (300 ng/dL) with FSH levels below 12.4 mIU/mL and LH levels below 8.6 mIU/mL, if recorded, to rule out primary testicular failure. The testosterone values were from two commercial sources: Esoterix, normal range 12.1 to 41.5 nmol/L (348 to 1197 ng/dL), and Quest, testosterone normal range 8.7 to 38.2 nmol/L (251 to 1102 ng/dL) and free testosterone by radioimmunoassay at 1.2 to 5.4 nmol/L (35 to 155 ng/dL). This was before harmonization of testosterone values [5] , so we used the range of 10.4 to 38.2 nmol/L (300 to 1100 ng/dL). The bioavailable testosterone values were all from Esoterix: normal range 4.4 to 15 nmol/L (128 to 430 ng/dL). Controls included all ambulatory male patients aged 18 to 40 years without a diagnosis of hypogonadism. Patients were excluded from the study as both cases and controls if they had ICD-9 comorbidities in their problem lists that could affect gonadal function, including endocrine disorders, kidney disease, malignancy, and a transplant, as well as hospitalization during the study interval.
The variables obtained from the medical records included the encounter diagnosis, age, weight, body mass index (BMI), race, ethnicity, tobacco use status, alcohol use status, opiate use, comorbidities, medications, and laboratory values including testosterone and gonadotropin levels. The definition of depression included either a diagnosis based on a set of depression ICD-9 codes or a record of antidepressant medication prescription. It is possible that some of the patients were taking these drugs for a diagnosis other than depression; more likely, however, some patients had asked that the stigma of depression not be entered in the medical record, and some physicians did not identify depression as a reason for the encounter. Missing observations were not imputed.
B. Statistical Methods
This retrospective cohort study used collated, anonymized clinical data. We ascertained antidepressant use from the current medication list in comparison with a list of antidepressant medications. Tobacco use was formatted as current, former, never, and unknown. We formatted alcohol use as current user, not current user, and unknown. We obtained opiate use from the medication list. BMI conversion into weight status categories followed Centers for Disease Control and Prevention recommendations [6] .
We compared three nonhypogonadal cohorts with the cases: (i) all ambulatory patients without a diagnosis of hypogonadism or a low testosterone level meeting the remaining inclusion and exclusion criteria; (ii) a matched cohort for comparison of outcomes and accounting for unbalanced covariates (variables included in the matching were age, BMI, race, ethnicity, alcohol use, opiate use, and tobacco history, and the matching algorithm was a 1-to-5 propensity score model with nearest neighbor matching); (iii) the set of patients with a documented normal testosterone level during the study period and no diagnosis of hypogonadism.
We summarized data as mean with SD for quantitative measures or number with percentage for categorical measures. Univariate analysis used a t test or x 2 test as appropriate. ANOVA compared total testosterone levels across BMI subgroups. We constructed multivariable logistic regression models to identify predictors of the outcome of depression for each of the case/control comparison cohorts. For each model, we included the effect of hypogonadism while adjusting for confounders used in the matching algorithm. For each categorical variable with missing data, missingness was coded as unknown and was included as a category in the multiple regression model. All statistical tests were two-sided, and a P value below 0.05 indicated statistical significance. We analyzed the data using the R Statistical Computing Environment (R Core Team, Vienna, Austria).
Results
The initial population consisted of 105,816 males from 18 to 40 years of age seen in an ambulatory setting (Fig. 1 ). Six hundred twenty-two patients were eligible to be cases because they had a diagnosis of hypogonadism. Of these, 436 patients had to be eliminated, including 169 patients with exclusion diagnoses, 252 patients who never had a low testosterone level because they were already receiving therapy when first seen or had no recorded testosterone value in the system, and 15 patients with a high FSH or LH value, leaving 186 cases. Of the 105,194 original control patients (no diagnosis of hypogonadism), 3757 were excluded, including 3664 with exclusionary diagnoses, 74 who were taking testosterone medication, and 19 with a high LH or FSH level, leaving 101,437. Thus, control groups included (1) 101,437 patients for the entire nonhypogonadal population, (2) 930 members of the control population matched by age, BMI, race, ethnicity, and alcohol, opiate, and tobacco consumption to the hypogonadal cases, and (3) 404 members of the control group with no hypogonadism diagnosis and with reported testosterone values that were consistently normal.
A. Study Population Compared With the Overall Control Population
Compared to the study population, the population of ambulatory control patients were younger, less obese, and more likely to be a current tobacco user (Table 1 ). There were no observed differences in race, ethnicity, or history of alcohol or opiate use. The depression rate was 6.6% in the controls vs 22.6% in the cases. After adjustments for clinical and demographic factors, the OR for the presence of a depression diagnosis or antidepressant medication use in the medical record was 95% CI: 1.13 (CI: 1.09 to 1.17; P , 0.001) in patients with hypogonadism compared with the overall control population. When corrected for age alone (not shown), the difference between the controls and cases remained the same [OR = 1.13 (1.07 to 1.18); P , 0.001; 95% CI].
B. Study Population Compared With the Matched Control Patients
Propensity scores matching patients with hypogonadism to controls showed good balance in the covariates (Table 1) . Differences in age, BMI categories, tobacco status, and opiate use were closely aligned after matching. The incidence of depression was 13.4% in the matched controls vs 22.6% in the cases [OR: 1.14 (1.08 to 1.19); P , 0.002; 95% CI]. These data suggest that hypogonadism relates more closely to depression than to obesity.
C. Study Population Compared With the Known Testosterone Controls
The control patients with a known testosterone value were slightly younger, were less obese, and had a higher incidence of alcohol use than the cases ( Table 1 ). The mean (SD) testosterone value in the control patients was 18 (5.2) nmol/L [518.5 (149.2) ng/dL] compared with 7.25 (2.34) nmol/L [209.2 (67.6) ng/dL] in patients with hypogonadism (P , 0.001). On univariate analysis, the depression incidence between the known testosterone controls and the cases was 16.8% and 22.6%, respectively (P = 0.121). The relationship between cases and controls was not significant on multivariable analysis [OR: 1.06 (0.98 to 1.15); 95% CI; P = 0.158]. The encounter diagnoses of these controls more closely resembled those of the cases than those of the remainder of the controls, reinforcing the concept that many symptoms of depression resemble those of hypogonadism and may lead to a testosterone measurement that is normal by definition in these controls. 
D. Obesity
A question arises regarding the extent to which obesity influenced testosterone values in this population. The mean total testosterone level in male populations declines with obesity partly because of a reduction in the level of sex hormone-binding globulin. In the cases (Table 2) , the testosterone levels were quite similar in all three categories of BMI. The free testosterone values increased significantly with degree of obesity, whereas the few bioavailable testosterones measured did not differ by BMI. As expected, the total testosterone levels in the controls fell with degree of obesity. Very few free or bioavailable testosterone values were drawn in the controls.
Obesity is also related to depression. In this population, 12% of men with obesity had depression compared with 9% of the overweight and normal weight men and 11% of underweight men. These data and the results with control group 2, which was BMI matched, attest to a limited influence of obesity on the relationship of depression to hypogonadism.
Discussion
The vast majority of men over the age of 50 years with hypogonadism have normal LH levels, with a mean similar to that for eugonadal men, suggesting that the condition is central and not primarily due to testicular failure [7] . This study addressed the relationship of depression The number and percentage of cases or controls in whom a variable was obtained are given. Each P value compares a rate in a control with the rate in the cases.
to hypogonadism in an unselected patient population and excluded patients with classical hypogonadism and those with a coexisting condition that might produce hypogonadism. By focusing on men aged 18 to 40 years, it also reduced the probability of many chronic conditions that could lead to hypogonadism. Studies by Burris et al. [8] , Wang et al. [9] , Wang et al. [10] , and Laˇsaite et al. [11] , which reported on mood in younger men with hypogonadism, enrolled mainly young men with classical hypogonadism whose androgen treatment led to physical development, sexual maturation, and psychological improvement. In a cohort of older men selected for depression, Giltay et al. [12] found significantly lower testosterone levels within the normal range in individuals with major depressive disorder as distinguished from those who also had anxiety. Westley et al. [13] reported that a cohort of patients who were referred to an andrology center for borderline testosterone values had a nearly 60% incidence of concurrent depression (a Patient Health Questionnaire-9 score .10 or taking an antidepressant), including a group from 20 to 39 years of age. They emphasized the similarity of the symptoms of hypogonadism and depression. Recognition of this relationship and the assumption that patients' hypogonadism was primary led investigators to use testosterone to treat both eugonadal and hypogonadal men with depression. Testosterone therapy [3, [14] [15] [16] [17] [18] sometimes (see comprehensive review [19] ) had positive effects on amelioration of some depressive symptoms in older patients, generally, with coexisting conditions. The best studies showed improvement in sexual function but little evidence of androgen effectiveness in restoring the emotional state [14] [15] [16] [17] . Results from "The Testosterone Trials," the best performed and analyzed study of 790 men using carefully selected cohorts of patients older than 65 years with specific symptoms for each subgroup, showed a mean Patient Health Questionnaire-9 value of 6.6, indicating substantial depression in the group. In the "vitality" substudy in which fatigue was a major factor, testosterone therapy had very limited effectiveness [18] . It is noteworthy that exploring for depression is barely mentioned in two leading endocrine clinical practice guidelines regarding male hypogonadism [20, 21] ; further, only 6.3% of veterans of all ages receiving a prescription for testosterone had classical hypogonadism, whereas the rest were eugonadotropic [16, 20] .
This epidemiologic report on the associations of hypogonadism was limited to men 40 years and younger and excluded conditions known to result in hypogonadism. The younger men identified had much lower rates of chronic conditions than other reported populations. Less than 1% of the 105,816 outpatients reviewed had symptoms precipitating a testosterone measurement, of which approximately half were normal (control 3) and half were low (cases). The salient clinical finding associated with testosterone measurement was depression, identified via an ICD-9 diagnosis or by antidepressant therapy in 22.4% of the men with hypogonadism. However, a substantial number of the patients whose symptoms generated a testosterone measurement had a normal value at the time, further emphasizing the similarity of hypogonadism and depressive symptoms. The only other characteristic of the group with hypogonadism was a significant increase in obesity.
Associations do not imply causality, but they do raise the possibility of a causal relationship, especially in the presence of a feasible physiological basis. Although hypogonadism until now has been considered etiologic, perhaps the underlying problem in this association in many cases is depression, and hypogonadism is a consequence. We could not find a study of testosterone levels in depressed patients with hypogonadism after successful treatment of the depression. Other findings support the concept of depression or stress-induced hypogonadism as a possible explanation for these results. Stress-induced hypogonadism occurs in patients with depression [20] . Reduced reactivity of the hypothalamic-pituitary-gonadal axis in depression [21] and a marked reduction in GnRH impulse strength due to fasting [22] are attributed to activation of the hypothalamic-pituitary-adrenal axis, which inhibits GnRH secretion.
A. Study Limitations
Because this was a post hoc observational study, there are limitations to the quality and quantity of the data. There was no systematic effort to diagnose depression, and we believe that depression was underdiagnosed in the entire population. The carefully determined annual major depression rate in both sexes in similar age groups in US-born whites is~26% and in Mexican Americans is~19%, supporting this concept of an undercount [23] . The visits were for a variety of reasons, took place in many clinics, and involved many physicians in the health care system, so there was limited uniformity and completeness in the assessments. On the other hand, we did not have the selection bias of referral to experts. We could not address the textual part of the record, so we could not explore treatment and response. The testosterone assays were from commercial laboratories, Esoterix and Quest, before harmonization, and the patients were young, so we used 10.4 nmol/L as the lower limit of normal. Another limitation of the study was that the population, although ethnically and racially representative of the region, consisted almost exclusively of insured patients. Low testosterone syndrome in men under the age of 40 years is uncommon but not rare. Now that we are measuring androgens in more men, we frequently find low values in symptomatic individuals. Because the symptoms of hypogonadism coincide with the principal symptoms of depression in men, it is impossible to separate them. We must assess both conditions and treat both as indicated. This takes on increased importance when considering the findings of Weinberger et al. [24] that the prevalence of depression is increasing in the United States in men and women and that the increases are greatest in the young, in nonHispanic whites, in the lowest income groups, and in the highest educational and income groups. The results of this study mandate investigation of endogenous testosterone levels in men with nonclassical hypogonadism before and after aggressive treatment of depression and determination of the mechanisms of GnRH suppression in men with nonclassical hypogonadism.
